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The composition of faisting hepatic bile was analyzed in 63 samples from 8 patients
following cholecystectomy to determine if bile was lithogenic in patients with previous
cholesterol gallstones after removal of the gallbladder. Bile specimens were obtained
from t-tubes over a 7-20 day study period following re-establishment of the entero-
hepatic circulation. Bile composition varied on a day to day basis in each patient.
18 of 63 samples were lithogenic according to criteria of Admirand and Small while
35 of 63 samples were lithogenic according to criteria of Hegardt and Dam. Varia-
tions in the composition of hepatic bile appeared related to changes in the excretion
rate of bile acids. These studies demonstrate that hepatic bile may be lithogenic
after cholecystectomy and indicate that factors other than sequestration of the bile
acid pool in the gallbladder influence the enterohepatic circulation of bile acids and
the lithogenicity of bile.
INTRODUCTION
Many patients with cholesterol gallstones have abnormalities in the chemical
composition of bile characterized by an excess of cholesterol (1). Indeed, at the
time of cholecystectomy, hepatic bile is often supersaturated with cholesterol (2,
3). These findings led to the concept that the liver was the primary source of litho-
genic bile and that the gallbladder played a passive role in the formation of choles-
terol gallstones.
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However, because studies of hepatic bile were made in the fasting state when
the majority of the bile acid pool was sequestered within the gallbladder, hepatic
secretion of lithogenic bile resulted in part from the interruption of the enterohepatic
circulation of bile acids rather than just reflecting an intrinsic metabolic defect in
the liver (4, 5). However, if the lithogenicity of hepatic bile were due entirely
to a physiologic interruption of bile acid circulation by the gallbladder, hepatic
bile should be continuously normal in composition once the gallbladder was sur-
gically removed.
We examined this problem of the determinants of lithogenic bile by measuring
the composition of serial samples of hepatic bile in the same patients following
cholecystectomy for previous gallstones.
MATERIALS AND METHODS
Eight patients who underwent common duct exploration were subjects for this
study (Table 1). In each case, the gallbladder had been removed shortly before
study or at a previous operation. Cholesterol was extracted in chloroform and meth-
anol (6) from available stones or sludge from 6 of the 8 patients, and was the
major constituent detected qualitatively by thin layer chromatography in all but
one, where bilirubin was predominant (A. G.) (7). To avoid studying these patients
in the immediate postoperative period when the bile acid pool was depleted by
t-tube drainage, samples were obtained 2-5 wk after surgery, at a time when liver
function was normal, and the enterohepatic circulation had been progressively re-
established. When the t-tube was clamped for at least 2-3 days, patients who con-
sented to the study were transferred to a metabolic research ward where they con-
sumed a normal hospital diet. The t-tube was opened between 8 and 9 A.M. after
fasting from midnight. Three to 5 ml of dead space bile was drained and discarded,
and a 5-10 ml sample of freshly secreted hepatic bile was collected. Bile was ob-
tained daily or every other day over 4-20 days and less than 100 mg of bile salts
were removed during each collection. All samples were immediately frozen at
-20°C and analyzed subsequently after agitation, for cholesterol by the method
of Abell et al. (8), phospholipids by the method of Bartlett (9), and bile salts by
the hydroxysteroid dehydrogenase method (Boyer, Scheig and Klatskin) (10). The
composition of each sample was then determined and plotted on triangular co-
ordinates as described by Admirand and Small (1). Criteria for cholesterol solu-
bility were based on both Small, Bourges and Dervichian's (11), and Hegardt and
Dam's phase equilibria (12), and were calculated from mixtures containing 95%
H.0 since determinations of % H O of 12 different hepatic bile samples from two
patients averaged 95.4 ± 2.75%. There was no significant difference in % solids
between samples that were saturated or unsaturated with cholesterol. Complete
collections of bile could be obtained in two studies where t-tubes containing an
inflatable balloon on the distal arm (Baldwin t-tubes) were inserted at the time of
surgery. The balloon on the distal arm of the t-tube was inflated to occlude the
lumen only during the period of bile collection. In these studies, samples of bile
were obtained for approximately 1 hr after an overnight fast, and bile salt and
cholesterol secretion rates were measured and compared with the lithogenic index
as described by Metzger, Heymsfield and Grundy (13). Routine tests of liver and
pancreatic function were obtained three to four times each week to avoid analysis
of bile samples from patients with impaired hepatic or pancreatic function. One
patient was excluded from the study on this basis.
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RESULTS
Table 1 illustrates the incidence of lithogenic samples observed in these eight
patients following cholecystectomy, as judged by both the criteria of Admirand
and Small (1) and Hegardt and Dam (12). In two patients, daily bile composition
varied, but always remained within the linie of cholesterol solubilization by either
criteria (Fig. 1). In the remaining six patients, the composition also varied on
a day to day basis but some or all of the samples were lithogenic depending on
the criteria selected (Fig. 2).
In two patients who secreted lithogenic bile (W. G. and A. G.), complete collec-
tions were obtained for approximately 1 hr every other day after inflation of a
Baldwin t-tube. In these patients, bile lithogenicity, expressed as the lithogenic
index (13), was compared with the rate of bile acid excretion. The lithogenic
index was always increased on days when bile acid secretion rates were diminished.
No significant changes in composition were observed when sequential samples of
bile were obtained on a given day over a 30 min period in any patient.
TABLE' la
BILE LITHOGENICITY AFTER CHOLECYSTECTOMY
No. litlhogeniic
Bile No. samiiples
Patient Age Sex LProhblem composition A B
1. S. T. 31 Black Acute cliolecystitis. Chlolesterol -Normal 0/7 0/7
femiiale stonies iii galll)lad(der
.L. C. 76 Whlite Cystic duct reniiiiain t 35 yrs after -Normal //6 0/6
femiiale cholecystectomny for gallstones.
Sludge with cholesterol crystals
in commI11onI (luct.
3. V. WV. 37 Wl'hite Tranisiecnt obstruetive jaulldice lilt. 0/4 9/4
male 9 imio prior to operationi. Clioles- Lithogellic
terol stonies in gallbladder.
4. G. L. 34 Black Chronic cholecystitis and(i gallstonies -T it. 0/6 6/6
femiiale 6 yrs pmior to operationi for cystic Lithogeniic
duet r'e'llnlanlt-n1o stommes at 2iid
oper-atiomi.
5. C. MI. 80 Whlite Coinmmioni (huet stoies reformlued 4 yrs -Ilot. 4/9 4/9
femilale after cholecystectoiny for stonies. Lithogemiic
6. V. G. 50 lVhite Rtecurreint pamcreatitis for 6 yrs. -lilt. 9/19 19/19
femilale Sludge conitaininig cholesterol Lithogellic
crystals in gallbladder aInd coIml-
ilnoli (uet.
7. L. S. 98( Wlhite Stricture of commiinoni duct twN-o years -lilt. 3/9 5/9
femlale after acute cliolecystitis for gall- Lithogellic
stolies.
8. A. G. 46 Wh'liite Clhole(loclioduo(lenial fistula amid -llt. /10( 6/10
male forimiatiomi of comImlloIn (luct stonies Litliogenic
predonsiiiantly hilirubin.
18/63 35/63
a Lithogeniicity of daily samnples of t-tube bile accordinig to criteiria of Adinirand and(l Smoall (A) anid
Hegardt and I)am (B).
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FIG. 1. Variation in the composition of post-cholecystectomy hepatic bile from a fasting
patient (L. C.) where cholesterol always remained within the range of micellar solubility. The
triangle represents the lower left hand corner of triangular coordinates. The solid line is the
line of cholesterol saturation defined by Admirand and Small, while the dotted line represents
the limit of solubility defined by Hegardt and Dam. The numbers represent the day of the
study that samples were obtained.
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FIG. 2. Intermittent secretion of lithogenic bile from
following removal of the gallbladder (W. G.).
a patient with cholesterol gallstones
DISCUSSION
The line of cholesterol solubility defined by Admirand and Small, and the one
proposed by Hegardt and Dam, and more recently confirmed by Holzbach, Marsh,
Olsewski and Holan (14), roughly define an area where cholesterol is metastably
supersaturated. Thus, cholesterol may or may not be in micellar solution when
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the composition of bile falls below the Admirand and Small line, but above the
Hegardt and Dam line, and such bile may support the formation of cholesterol
crystals only if sufficient time has passed for the supersaturated solution to come
to equilibrium (14, 15). Therefore, it seems reasonable to refer to both lines in
determining the significance of the physical state of cholesterol in a given sample
of bile, realizing that cholesterol supersaturation is not necessarily synonymous with
the formation of cholesterol precipitates. Despite this difficulty, it is generally
agreed that bile from patients with cholesterol gallstones contains relatively more
cholesterol than bile from patients without stones (1, 3, 14).
Debate exists, however, as to the significance of the gallbladder in the pathogen-
esis of gallstones and the formation of lithogenic bile since it is capable of sequester-
ing a large portion of the bile acid pool and, therefore may enhance the lithogenicity
of hepatic bile. However, the observations in the present study indicate that the
composition of hepatic bile varies from day to day in a given patient when analyzed
in the fasting state 2-5 wk after cholecystectomy. Since cholesterol was saturated
or supersaturated in many of these bile samples irrespective of two different pub-
lished criteria for cholesterol solubility in bile, factors other than sequestration of
bile acids in the gallbladder must influence the lithogenicity of hepatic bile. Similar
findings have also been reported by Smallwood, Jablonski and McKwatts (16),
using criteria of Admirand and Small (1). On the other hand, Simmonds, Ross
and Bouchier (4) and Shaffer, Braasch and Small (5) have demonstrated that
the lipid composition of hepatic bile obtained from cholesterol gallstone formers
returns toward normal after cholecystectomy suggesting that the gallbladder in-
fluences the degree of hepatic bile lithogenicity in many instances. However, these
findings were not confirmed by Almond et al. (17) who found that cholecystectomy
produced no significant effect on bile lipid composition or pool size and that bile
remained lithogenic when examined 3-41 mo after operation. These authors suggest
that the results of Simmonds et al. might be explained by technical problems in
studying t-tube patients too soon after operation when biliary lipid metabolism may
be nonphysiologic. Nevertheless, it is apparent from the present studies, and those
of Smallwood et al. (14), that a significant proportion of t-tube bile samples in
post cholecystectomy patients with cholesterol stones continue to be lithogenic.
Lithogenic hepatic bile may also be observed following cholecystectomy in patients
who do not have cholesterol stones (patient #8, Table 1). The cause of the varia-
tion in lithogenicity is unlikely to be related to a depletion of the bile acid pool
from t-tube drainage since samples were obtained 2 or more wk after surgery when
the enterohepatic circulation had been reestablished, and in the present study less
than 100 mg of bile salts were removed in any one collection. Furthermore, there
was no time order relationship in the daily composition of samples (Figs. 1 and
2) as would be expected if the bile acid pool were progressively altered. Since
liver function tests were consistently normal, impairment of hepatic function is also
unlikely to explain these observations. Rather, the results of the studies in two
patients where complete collections of bile were obtained suggest that the variations
in postcholecystectomy bile composition were related to fluctuations in the hepatic
secretion of bile salts (Table 2). Since we did not observe a correlation between
cholesterol excretion and lithogenicity in these studies the secretion rate of bile
acids was the important determinant. Variations in bile acid secretion in the post-
cholecystectomy state might result from alterations in the rate of hepatic synthesis
or changes in the rate of intestinal transit and absorption, or some combination
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TABLE qa
LITIIOGENIC INDI,X AS A FUNCTION OF BILE ACID EXCRETION RATES
Lithogeniic Bile acid
iII(lex secrIetioIl
(ra nige) (MIll>les,/llill)
I. 0.33-0.95 (P12) 34.5 + 19 )
11. 1.0-1.; (10) 15.5 ± 7.0
P < .01
a Litliogenii Ini(lex (Metzger, l4eynisfield and(i Gruind(ly, 197,2) and(l Bile Aci(d Secretioni rates ill
2 samples of llepatic l)ile fr'oIIm 2 patiellts. (Goup I samnIpleS ar-e noIn-litlhogemiie whlile Group IL sam-
ples are saturate(l or supersaturated with clholesterol accor(ling to Admirand aIIld Soimall. Numbers
of samiiples n eachl groUp is given inlparentllesis.
of both. Significant enhancement of bile acid excretion and improvement of hepatic
bile composition has been observed in cholecystectomized patients after eating
(18), which suggests that feeding enhances while fasting diminishes bile acid circu-
lation even in the absence of the gallbladder. Thus, variations in the enterohepatic
circulation of bile acids may continue to influence the lithogenicity of hepatic bile
in cholecystectomized patients.
Whether or not continued excretion of lithogenic bile predisposes to common
duct stone formation in the post-cholecystectomy patient is not clear although in
two of our patients (W. G. and C. M.) either common duct stones or sludge con-
taining cholesterol crystals were removed from the common duct 4 and 35 years
respectively after a previous cholecystectomy.
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